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© Local interconnect using a material comprising tungsten. 
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© A tungsten silicide interconnect (28) is formed 
on device (10) as a local interconnect between de- 
vices. The tungsten silicide interconnect (28) pro- 



vides several advantages over prior art methods, 
such as titanium nitride or polysilicon local intercon- 
nects. 
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TECHNICAL FIELD OF THE DISCLOSURE 

This invention relates in general to integrated 
circuits, and more particularly to a local intercon- 
nect using tungsten. 

BACKGROUND OF THE DISCLOSURE 

As MOS technology is scaled to the sub-mi- 
cron regime, the use of traditional buried contact 
process to increase packing density becomes less 
attractive, since the dopant outdiffusion from the 
polysilicon reduces isolation integrity and adversely 
affects active device characteristics. These prob- 
lems limit buried contact design rule scaling, which 
consequently restricts packing density improve- 
ments. In CMOS, phosphorus doped polysilicon is 
often used for both the N and P-channel gates; this 
restricts the use of buried contacts to N-channel 
devices. 

One proposed solution is to use a TiN layer to 
form local interconnects. The TiN layer may be 
formed during the self-aligned TiSi 2 process 
wherein polysilicon and silicon surfaces exposed to 
titanium form TiSi2 and the titanium layer covering 
oxide surfaces forms TiN (because of the nitrogen 
ambient). The TiN formed during the silicidation 
process may be etched to form local interconnects. 
The proposed solution is discussed in Thomas 
Tang et aL, "VLSI Local Interconnect Level Using 
Titanium Nitride," IEDM 1985, pp. 590-593. 

The TiN local interconnect process has a major 
drawback which renders it unsuitable for many 
applications. The etchants used to form the local 
interconnects from the TiN layer do hot have a 
sufficient selectivity towards TiSi 2 , silicon or poly- 
silicon. Hence, forming the TiN local interconnect 
layer may result in significant damage to the in- 
tegrated circuit. 

Another proposed solution is to form a poly- 
silicon local interconnect which contacts the gates 
and/or diffused regions of the integrated circuit. 
However, such a process would only be suitable for 
NMOS and cannot be used with CMOS, thereby 
significantly restricting its applicability. 

Therefore, a need has arisen in the industry for 
a local interconnect structure which does not dam- 
age other portions of the integrated circuit. 

SUMMARY OF THE DISCLOSURE 

In accordance with the present invention, a 
local interconnect is provided which substantially 
eliminates problems associated with prior local in- 
terconnects. 

In the present invention, a local interconnect 
structure is created by defining a local interconnect 
structure and forming interconnects in accordance 



therewith using a material including tungsten. 

This aspect of the present invention provides 
an interconnect structure which can be formed 
.using an etch which is selective to the underlying 

5 silicon, polysilicon portions of the integrated circuit. 
For example, if a tungsten silicide layer is used to 
form the interconnects, the layer* may be etched 
using a fluorine and Freon-114 based etchant. Fur- 
ther, a tungsten silicide material has a low resistiv- 

w ity and is compatible with subsequent high-tem- 
perature processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 



15 For a more complete understanding of the 

present invention, and the advantages thereof, ref- 
erence is now made to the following descriptions 
taken in conjunction with the accompanying draw- 
ings, in which: 

20 FIGURES 1a-b illustrate cross-sectional and top- 
plan views of a prior art local interconnect struc- 
ture; 

FIGURE 2 illustrates a cross-sectional view of an 
integrated circuit according to the present inven- 
ts tion after a, first processing stage; and 

FIGURE 3 illustrates a cross-sectional side view 
of the integrated circuit according to the present 
invention after second processing stage. 

30 DETAILED DESCRIPTION OF THE DISCLOSURE 



The preferred embodiment of the present in- 
vention is best understood by referring to FIGUREs 
1-3 of the drawings, like numerals being used for 
35 like and corresponding parts of the various draw- 
ings. 

FIGURES 1a-b illustrate a cross-sectional side 
view and a top-plan view, respectively, of a prior art 
local interconnect structure used in conjunction 
40 with an MOS integrated circuit. For illustrative pur- 
poses, the local interconnect structure is shown 
connecting the diffused regions of two MOS tran- 
sistors. 

In FIGURES 1a-b, a portion of an integrated 
45 circuit 10 is shown wherein diffused regions 12 are 
formed in a semiconductor substrate 14. Diffused 
regions 12 may be either N or P type depending 
upon the particular transistors being formed. Gate 
oxide 16 is formed over the surface of the sub- 
50 strate 14. Gates 18 are formed over the gate oxide 
layer 16, typically by forming a polysilicon layer 
over the device and patterning and etching the 
polysilicon layer. Sidewall oxide regions 20 are 
formed by depositing a thick layer of oxide over 
55 the gates 18 and anisotropically etching the oxide 
layer. Field oxide regions 21 are formed using 
thermal oxidation techniques. A self-aligned 
titanium silicide (TiSi 2 ) process is used to reduce 
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gate N-junction sheet resistances to less than 1 
ohm per square. A layer of titanium is disposed 
over the surface of the device, and a reaction 
between the titanium and silicon is performed in a 
nitrogen ambient at approximately 675 C. This re- 
action creates a titanium silicide layer 22 over the 
silicon and polysilicon portions of the device 10. 
The unreacted portions of the titanium layer on top 
of the oxide and over the titanium silicide layer 22 
becomes TiN. 

To form the TiN local interconnect 24, the 
device is patterned with photoresist after the 
titanium reaction step, and the resist is hardened 
using a high temperature bake and deep UV expo- 
sure. The TiN layer is then etched using a dry/wet 
etch comprising $ fluorine-based dry etch and a 
NH4OH + H2O2 +H 2 0 wet etch. 

Unfortunately, the procedure for etching the 
TiN to form the interconnects is not particularly 
selective to the silicon, polysilicon and titanium 
silicide portions of the device 10. Hence, in forming 
the interconnects, it is very possible that the device 
will be damaged. Further, the titanium silicide layer 
22 is subject to peeling after the wet etch used to 
form the interconnect structure. 

FIGURES 2 and 3 illustrate cross-sectional side 
views of the present invention after first and second 
processing stages, respectively. While the inven- 
tion is shown using the MOS interconnect structure 
of FIGURES 1a-b, it may be used with any in- 
tegrated circuit architecture, such as bipolar, etc. 

In FIGURE 2, the gates 18, diffused regions 12, 
sidewall oxides 20, gate oxide 16 and field oxide 
regions 21 are formed as discussed in connection 
with FIGURES 1a-b. Optionally, the diffused regions 
12 and gates 18 may be silicided, thereby forming 
TiSi2 layers 22 (not shown). After silicidation, if 
any, the TiN by-product is stripped. 

In FIGURE 3, a thin layer of tungsten silicide 
(WSi x ) is deposited over the polysilicon gate layer 
after the sidewall oxide process has been com- 
pleted. Typically, the deposited WSi x layer com- 
prises a ratio of 2.5:1 (W:Si). During subsequent 
processing, however, the ratio may vary dependent 
upon the high temperature cycles employed. 

The deposited tungsten silicide layer is pat- 
terned and etched using a fluorine-based chemistry 
to form the local interconnect 28. The thickness of 
the tungsten silicide will depend upon the applica- 
tion and the desired resistance. Experimentally, a 
thickness of 3200 Angstroms has been used. The 
tungsten silicide layer may be etched using a well- 
established fluorine-based dry etch process. For 
example, SF 6 and Freon-114 may be used to etch 
the tungsten silicide layer to form the interconnect. 

The tungsten silicide interconnect provides 
several advantages over the prior art. The fluorine- 
based dry etch process is highly selective to sili- 



con, polysilicon and titanium silicide, and therefore 
will not damage the device during formation of the 
local interconnect. Further, tungsten silicide has a 
resistance of approximately 2-10 ohms per square, 

5 which compares favorably with titanium nitride and 
poiysilicon. Further, the resistivity of the intercon- 
nect can be varied during processing by controlling 
the tungsten/silicon ratio. 

It should be noted, that whereas the tungsten 

10 silicide local interconnect 28 has been shown con- 
necting two diffused regions, it c°uld be used in 
any situation where a local interconnect is desired. 

Although the present invention has been de- 
scribed in detail, it should be understood that var- 

15 ious changes, substitutions and alterations can be 
made herein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. 

20 Claims 

1. A method of forming a local interconnect struc- 
ture on ah integrated circuit structure, compris- 
ing the steps of: 

25 defining a local interconnect structure be- 

tween two normally isolated areas of the in- 
tegrated circuit; and 

forming the local interconnect structure us- 
ing a material comprising tungsten. 

30 

2. The method of Claim 1 wherein said forming 
step comprises the steps of: 

forming a layer comprising tungsten on the 
surface of the integrated circuit structure; and 
35 removing portions of the layer to form the 

local interconnect structure on the integrated 
circuit structure. 

3. The method of Claim 2 wherein said layer 
40 forming step comprises the step of depositing 

a layer comprising tungsten on the integrated 
circuit structure. 

4. The method of Claim 3 wherein said deposit- 
45 ing step comprises the step of depositing a 

tungsten and silicon compound. 

5. The method of Claim 2 wherein said removing 
step comprises the step of etching the layer 

50 with an fluorine based etchant. 

6. The method of Claim 5 wherein said removing 
step comprises the step of etching the layer 
with an etchant comprising SF 6 . 

55 

7. The method of Claim 6 wherein said etching 
step comprises the step of etching the layer 
with and etchant comprising SF$ and Freon- 
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114. 

8. The method of Claim 1 and further comprising 
the step of subjecting the material comprising 
tungsten to one or more high temperature cy- ~ 5 
cles. 

9. A method of forming an integrated circuit com- 
prising the steps of: 

forming gate and diffused regions on a w 
semiconductor surface; and 

forming a tungsten silicide layer on the 
gate and diffused regions; 

removing portions of the tungsten silicide 
layer to form interconnects between selected 75 
gates and diffused regions. 

10. The method of Claim 9 wherein said gate 
regions comprise polysilicon. ; 

20 

11. The method of Claim 9 wherein said step of 
forming a tungsten silicide layer comprises the 
step of depositing a tungsten silicide layer. 

12. The method of Claim 9 wherein said removing 25 
step comprises the step of etching the tung- 
sten silicide layer using a fluorine based dry 

etch process. 

13. The method of Claim 9 and further comprising 30 
the step of forming sidewall oxide regions ad- 
jacent said gate regions. 

14. The method of Claim 9 and further comprising 

the step of forming a titanium silicide layer 35 
over one or more of the diffused regions. 

15. An integrated circuit comprising: 

a plurality of electrically isolated regions; 
and 40 

a local interconnect structure comprising 
tungsten for coupling ones of the isolated re- 
gions. 

16. The integrated circuit of Claim 15 wherein said 45 
local interconnect structure comprises a 
titanium silicide structure. 

17. The integrated circuit of Claim 15 wherein said 
electrically isolated regions comprise gate re- 50 
gions and diffused regions. 
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© A tungsten silicide interconnect (28) is formed 
on device (14) as a local interconnect between de- 
vices. The tungsten silicide interconnect (28) pro- 
vides several advantages over prior art methods, 
such as titanium nitride or polysilicon local intercon- 
nects. 




Ji 

FIC. 3 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 
EP 91 10 8472 



r 

L 


50CUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (Int. CI.5) 


X,Y 


GB-A-2 151 847 (HITACHI LTD.) 

* page 1, line 101 - page 2, line 3; figure 2 * * page 2, lines 
35 - 74; claims 1, 2, 9, 10. 15; figures 5D-5F * - page 2, lines 
97-101; figure 6 * * page 3, lines 32 - 52; claims 18, 21-23 
EP 91 108472030* 


1-3,8-10, 
13,15,17, 
4-7,11, 
12.14,16 


H 01 L 23/532 
H 01 L 21/90 


X,Y,A 


WO-A-8 607 491 (NCR CORP.) 

* pages 5 - 7; figures 2-4 * * pages 10-12; claims 1, 7, 8; 
figures 6B, 6C * 


1,15,17,2. 

3,8,9,13, 

10 




X,Y 


EP-A-0 195 700 (CNRS) 

* column 5, line 1 1 - column 6, line 55; claims 1 -3, 14, 15; 
figure 1 * 


1-3,8,9, 

13,15,17, 

10 




Y,A 


PROCEEDINGS OF THE 2ND INT. IEEE VLSI MULTILEVEL 
INTERCONNECTION CONFER. 25 June 1985, SANTA 
CLARA, CA. pages 319 - 323; Pamela S. TRAMMEL: 
"Application of Tungsten Silicide interconnect" 
* pages 319 - 320 * 


2-4,8-13, 
1,15,17 




Y,A 


SOLID STATE TECHNOLOGY vol. 27, no. 4, April 1984, 
pages 235 - 242; Stephen E. CLARK et al.: "Deposition and 
patterning of Tungsten and Tantalum polycides" 
" page 235, paragraph 1 * * page 236; figures 2-4 * " page 
238, paragraph 4; figures 9, 10 " * page 241 , paragraph 4.4; 
figures 1 1 , 12. 15 EP 91 108472030 " 


5-7,1-4, 
8-12 




TECHNICAL FIELDS 
SEARCHED (Int. CI.5) 






H 01 L 


Y 


PATENT ABSTRACTS OF JAPAN vol. 12, no. 379 (E-667) 
11 October 1988, 

& JP-A-63 126226 (MITSUBISHI ELECTRIC CORP.) 30 May 
1988, 

* the whole document * 


7 




The present search report has been drawn up for all claims 







Berlin 



Date of completion of search 

03 January 92 



Examiner 

KLOPFENSTEIN P R 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-written disclosure 
P : intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member ot the same patent family, corresponding 
document 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Page 2 



Application Number 



EP 91 10 8472 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASS* ICATION OF THE 
APPLICATION (Int. C1.5) 



X.A 



X,A 



X,A 



IEEE TRANSACTIONS ON ELECTRON DEVICES, vol. ED- 
34, no. 3, March 1987, NEW YORK US pages 682 - 688; 
Thomas E. TANG et al.: "Titanium Nitride local interconnect 
technology for VLSI" 

* figures 6a-c 8 * 

DE-A-3 027 954 (SIEMENS AG.) 

" page 6, line 27 - page 7, line 31; claims 1, 2, 4, 5, 7; 

figures! -3 * 

EP-A-0 158 559 (COMMISSARIAT A L'ENERGIE AT- 
OMIQUE) 

* page 1 , lines 1 - 12 * * page 5, line 8 - page 8, line 26; 
figures 2-4 * * page 10, lines 15 - 34 * 

IEDM TECHNICAL DIGEST 11 December 1988, SAN FRAN- 
CISCO, CA. pages 450 - 453; V.V. LEE et al.: "A selective 
CVD Tungsten local interconnect technology" 

* page 450, right-hand column - page 451, left-hand column; 
figures 1-4* 



14,16 



1-4,15, 
17,9-11 



1,15,17,2, 
3,9,10 



1,15,17,9, 
10,13 



TECHNICAL FIELDS 
SEARCHED (Int. CL5) 



The present search report has been drawn up for all claims 



Ptace of search 

Berlin 



Date of completion of search 

03 January 92 



Examiner 

KLOPFENSTEIN P R 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant it taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-written disclosure 
P : intermediate document 



E : earlier patent document, but published on. or after 

the filing date 
D : document cited in the application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



